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Description 



Stabilization Systems for Poiyacetals 



The instant invention pertains to an acetal homo- or copolymer composition comprising a hindered phenol 
and a specific hydrazine compound or oxamido compound, to a. method of stabilizing acetal homo- or 
5 copolymers as well as to a method of reducing color formation in acetal homo- or copolymers which contain a 
hindered phenol. 

Poiyacetal homo- and copolymers are well known to those skilied in the art. These materials are a suitable 
replacement for metal in numerous applications as a result of properties such as high strength and stiffness, 
good fatigue life, excellent resilience and thoughness, low moisture sensitivity, solvent resistance, excellent 

W electrical characteristics and the capability to maintain these properties at elevated temperatures. The 
molecular structure of the polymer is that of a linear acetal, consisting of unbranched polyoxymethyiene chains 
of substantial length, generally averaging more than 1000 -CH z O- units. The acetal homopoiymers are, for 
example, prepared by the polymerization of anhydrous formaldehyde or by the polymerization of trioxane. 
Acetal copolymers are typified, for example, by the polymerization product of trioxane and a cyclic ether such 

15 as ethylene oxide. 

Since poiyacetals are subject to oxidative and thermal degradation and discoloration, a wide variety of light 
stabilizers and antioxidants have been recommended for use therein, included among the latter are diverse 
hindered phenolic antioxidants as reflected for example in U.S. Patents 3,285,855, 3,644,482 and the like; as 
well as various hydrazine compounds as reflected for example in U.S. Patents 3,110,696 and 3,660,438. 

20 Although these groups of compounds have provided antioxidant properties to poiyacetals, level's of 
discoloration during storage and exposure particularly with the hindered phenols have proven to be 
unacceptabiy high for certain end uses. This potential deficiency is aggravated by the fact that the hindered 
phenol primary stabilizers are required in order to provide maximum thermal stability, the latter not being 
provided by the individual use of co-stabilizers even at higher concentration levels. 

25 It has now been discovered that by including a special hydrazine or oxamido compound with a special 
hindered phenol in the proportions noted hereinafter as a stabilizing system for acetal homo- and copolymers, 
total stabilizing activity is achieved. Thus, the blend provides excellent stabilization against both oxidative end 
thermal degradation. Of primary importance, the combination provides significantly improved performance in 
the area where the individual hindered phenol is lacking, namely, in resistance to discoloration during storage 

30 and/or exposure to environmental conditions. In fact, contrary to expectation, the use of higher levels of 
hindered phenol in such combinations does not result in a concomitant increase in discoloration of the acetal 
poiymsr. 

As previously noted, the applicable hindered phenols and hydrazine or oxamido compounds are known to 
those skilled in the art and have been identified as antioxidants for use in acetal polymers. Various blends of 

35 the hindered phenol and hydrazine components have been identified for use as stabilizer systems for 
potyolefins, polyurethans and various elastomers, in addition, U.S. Patent 3,940,365 describes moulding 
compositions based on poly(oxymethyiene) which contain a phenolic antioxidant and a specific compound 
having a nucleating effect. However, the unexpected performance pattern achieved with the use of the instant 
blends clearly provide a distinct situation. 

40 The instant invention pertains to an acetal homo- or copolymer which comprises 
fa) a hindered phenol corresponding to the formuta !, II, III, IV, V, VI or VII 
RiX-(C a H £a )-Q (I) 

wherein Ri is a group of the formula ia, 



X is oxygen or sulfur, a is an integer from 6 to 30, preferably 6 to 18, b is an integer from 0 to 6, R 2 and R 3 are 
independently Ci-C-iaalkyl. Cs-Ciacycloalkyl, phenyl or Cy-Csaralkyl, and R 2 is also hydrogen,' Q is hydrogen 
or -A-(C y H2y)-R4, A is oxygen, sulfur or -|-, 

55 y is an integer from 2 to 20, 

B is Ct-Caafkyl or Ci-C 4 alkanoyl, and R 4 is hydrogen, hydroxy, d-CUalkanoyloxy or a group of the formula lb, 
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-~(C b H 2b )-L- 



(ib); . 



ho-' 



wherein R2, R3 and b are as defined above, d is an integer from 2 to 6, and Ch is a d-vaient aliphatic 
hydrocarbon of 1 to 18 carbon atoms, a d-valent aromatic or aromatic aliphatic hydrocarbon of 6 to 20 carbon 
atoms or a group of the formula lla 



wherein f is an integer from 1 to 4; 



(III) 

Wherein Ra, R3 and b are as defined above, and Q2 is Ci-CiBa)kytene; 
KlX -j^C z H 2z 3-Y-j— Rs (IV) 

wherein R1 and X are as defined above, z is an integer from 2 to 6, e is an integer from 3 to 40, preferably 3 tc 
10, Y is oxygen or sulfur, and R5 is hydrogen, Ci-C4alkyl or a group of the formula la; 




(VI) 



wherein Rs and R7 are independently Ci-Cieaikyl, Cs-Ci2cycloa!kyl, phenyl or Cz-Cearalkyl, and Re is 
hydrogen, and A1 isagroup ^cUs)r 9 wherein Rb and R9 are independently hydrogen or Ci-C6alky1; 



a 
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y\ 

Hi— l- II 

V" 0 

HjC-i-fC H, )-fi-0- 
T p 2p 

^ \ 
R3-+ II 
% /* 

in 

wherein R3 is as defined above, p is 1 or 2 and Q 3 is C2-Cioalkylene; 

and 

(bj a hydrazine compound corresponding to the formula VIII, IX or X 
Ri2-$-NHNH 2 (VIII), 

Ri 2 -i-mfllH-8-[-Z-8-HHHH-?j-R, 3 ( IX) , 



Z is a direct bond, Ci-CiBaikylene or phenylene, the radicals R14 are independently O-Cisalkyl, 
C5-Ci2cycloa!kyl, phenyl or C 7 -Cgaralkyl, w is 0 or 1 , x is an integer from 0 to 4 and n is an integer from 0 to 6 
with the proviso that x is different from zero, when w is 1 ; or 
(c) an oxamido compound of the formula XI 



-ill 



wherein Ris is Ci-Ciaafkyl, phenyl, Cr-Csaralky! or a group of the formula Vllia and v is an integer from 0 to 6, 
preferably 1 to 6, in particular 2 to 6; the weight ratio of the components (a):(b) or (a):(c) is 20:1 to 1'1u' 
Aikyi is for example methyl, ethyl, propyl, n-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl, 1,1,3,3-tetramethylbu- 
tyl, nonyl, decyi, undecyl, dodecyl or octadecyl. 

Ci-Ciealkyloxy is for example methoxy, ethoxy, propoxy, n-butoxy, tert-butoxy, pentyioxy, hexyloxy, 
heptyloxy, octyloxy, nonyloxy, decyloxy, undecyloxy, dodecyloxy or octadecyloxy. 

Ci-C4alkanoyl is for example acetyl, propionyl or butyryl. 

Ci-Cialkanoyloxy is for example acetyloxy, propionyioxy or butyryloxy.. 

C 5 -Ci £ cycloalkyi is for example cyciopentyl, cyclohexyl or cyclooctyl. Cyclohexyi is preferred. 

Cr-Csaralkyi is in particular C 7 -C 9 pbenylaSkyl, for example benzyl, a-methylbenzyi, a,a-dimethylbenzyl or 
phenylethyl. Benzyl is preferred. 

Ci-Cisalkylene is for example methylene, dimethylene, trimethylene, tetram ethylene, pentamethylene, 
hexamethylene, heptamethylene, octamethylene, deoamethylene, dodecamethylene or octadecamethylene, 

For compounds of formula II, Ch as a bivalent hydrocarbon can be e.g. straight-chain or branched 
Ca-Cioaikylene or Cj-Cealkyltdene such as, for exampie, ethylene, ethylidene, trimethylene, tetramethylene, 
pentamethylene, 2,2-dimethyipropane-1,3-diyi, hexamethylene, heptamethylene, octamethylene, deoa- 
methylene, 2,2-pentame1hylene-propane-1,3-diyl, and cyclohexylene or Cs-C-ioarylene such as, for exampie, 
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phenylene, phenylene substituted by one' or more Ci-C+alkyl, or n.aphthylene. 
Qi as a trivaient, tetravalent or pentavaient hydrocarbon can be. e.g. a group of the following formulae 

\ /\ S'\ \ /\ / \ / \ /\ / 

1 il , i II , i II , I I i II 

\ / /\ /\ /\ /\ ,\ /\ ,\ /\ 

I 

or alkanetriyl of 3 to 6 carbon atoms, such as e.g. glyceryl or trimethylylpropane or alkanetetray! of 4 to 6 
carbon atoms such as e.g. pentaerythrityl. 
Formula la represents preferably one of the following groups: 

HO-/ V- CH 2 CH 2 -?- , HO— f * 

Formula ib is in particular one of the groups 
(H 3 C) 3 C X (H 3 C) 3 C X 

HO-/ \_ CH 2 CH 2 -?-0- and HO— ^ * 
(H3C) S C / ' ' 



H 2 -l 



In the group of the formula lla f is preferably 2. 30 
Those compositions are preferred, wherein component (a) is a compound of the formula I, II, ill, IV, V or VI in 
particular I, il, ill or IV. 
Z is preferably a direct bond or Ci-Caalkylene. 

Compounds of formula I which are preferred exhibit X as oxygen, b as an integer from 0 to 2, Ra and Rs as 
aikyl of 1 to 8 carbon atoms, A as oxygen, y as 2, P.4 as hydrogen or a group of the formula Ib. Particularly 35 
preferred are those compounds wherein Re and R3 are tert-butyl positioned oriho to the hydroxyl group and b 
is 2. A specific compound of preference is octadecyl 3-(3',5'-di-tert-butyl~4'~hydroxyphenyl)propionate. 

Compounds of formula II which are preferred exhibit R2 and R3 as Ci-Cs-a!kyi, in particular tert-butyl 
positioned ortho to the hydroxyl group, b as 2, d as 2 or 4 and Q1 as C2-Ci 0 alkyiene or pentaerythrityl. Specific 
compounds of preference are 1 ,6-hexamethylene bist3',5'-di-tert-butyl-4'-hydroxyhydrocinnamate] and 40 
tetrakis[methylene 3-(3\5'-di-tert-butyI-4'-hydroxyphenyI)propionate]methane. 

Compounds of formula III which are preferred exhibit R2 and R3 as Ci-Caalkyl and preferably tert-butyl 
positioned ortho to the hydroxyl group, b as 2 and Q2 as C2-Gealkylene. The specific compound of preference 
is N.N'-hexamethylene bis[3,5-di-tert-butyi-4-hydroxyhydrocinnamamide]. 

Compounds of formula IV which are preferred exhibit X and Y as oxygen, b as an integer from 0 to 2, Rs and 46 
Ra as aikyl of 1 to 8 carbon atoms, z as 2, e as an integer from 3 to 20, and Rs as a group of the formula la. 
Particularly preferred are those compounds wherein R 2 and R3 are tert-butyl positioned ortho to the hydroxyl 
group. A specific compound of preference is triethylene glycol bis[3-(3',5'-di-tert-buty!~4'-hydroxyphenyl)-pro- 
pionata]. 

Compounds of formula Vi which are preferred exhibit Rs and R7 as methyl or tert-butyl and Re and R9 as so 
hydrogen or methyl. Specific compounds of preference are bis[2-hydroxy-3-tert-butyl-5-methylphenyl]me- 
thane and 1,1-bis[2'-hydroxy-3',5'-di-tert-butyipheny!]ethane. 

A preferred compound of formula VII is 



SO 



5 
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OH . OH 

i ft fa 1 14 _ n "i .n I 



,C(CH 3 ) 3 (H 3 C) 3 C 




X . /N C(CH 3 ) 3 (H 3 C) 3 C /N ^ 



OH OH 



Preferred compositions of the invention are those wherein component (a) is octadecyl 3-(3',5'di-tert-butyi- 
4-hydroxyphenyl)propionate, 1 ,6-hexamethylene bis[3',5'-di-tert-butyl-4'-hydroxyhydrocinnamate], tetrakis- 
[methyiene 3-(3\5 r -di-tert-butyl~4'-hydroxyphenyl)propionate]methane, 

N,N'-hexamethylene bis[3,5-di-tert-buty)-4-hydroxyhydrocinnamamide] or Methylene glycol bis[3-{3',5'-di- 
tert-butyl-4'-hydroxyphenyl)propionate]. 

According to afurther preferred embodiment in component (b) R12 and Ri 3 are independently CrCisalkyl 
or a group of formula Villa, 2 is a direct bond or Ci-C 6 alkylene and the radicals R 14 are independently 
Oj-Csafkyl, Cs-Cecycloalkyl, phenyl or benzyl. 

Preferred groups of the formula Villa and preferred compounds of the formula X are those wherein the OH 
group is either in the ortho- or para-position. When the OH group is in the para-position, the groups of the 
formula Villa preferably contain two R 14 radicals positioned ortho to the hydroxyl group, which are alkyl of 4 
to 8 carbon atoms and most preferably tert-butyS. 

With respect to compounds of formula X, the OH group is preferably in the ortho-position to the linking 
chain. 

Representative compounds of component (b) include 



Hs B c 17 -c-innra-c-Ci7H3s, 



H 3 7 C i b -O-C-NHNH-C-0-C 1 8 H 3 7 , 




^0H 



ho' 



,C(CH 3 ) 3 



(H 3 C) 3 C / 




\ 






and 




Another preferred composition of the instant invention contains as component (a) 1 .6-hexamethylene 
bis[3',5'-di-tert-butyi-4'-hydroxyhydrocinnamate] and as component (b) N,N'-bis[p-(3,5-di-tert-butyl-4-hy- 
droxyphenyl)propionyl]hydrazine. The combination of these components particularly reveals a performance 



EP 0 333 660 A2 



improvement in the hindered phenol. 
Preferred compositions are aiso those which contain components (a) and (c). 

In compounds of the formula XI R 15 is preferably a group of the formula Villa with the OH radical in the 
para-position and two R-u groups positioned ortho to the hydroxy! group, R14 being preferably tert-butyl, A 
representative compound is 2,2'~oxamido-bis[ethyi 3-(3',5'-di-tert-btJtyl-4'-hydroxypheny1)propionate] (®NAU- 5 
GARD XL-1 from Uniroyal). 

Methods for preparing the compounds of component (a) are well known to those skilled in the art. Specific 
reference is made to U.S. Pat Nos. 3,285,855, 3,531,483, 3,584,047, 3,632,553, 3,644,482, 3,944,594, 4,032,562 
and 4,507,420 for information regarding the phenols of formula l-iV and VI and their methods of preparation 
The compound of formula V is ®TOPANOL CA available from \C\ Corp. The compounds of formula VII can be 10 
prepared as described, for example, in U.S. Patent 3,960.928. 

The compounds of component (b) and methods for their preparation are disclosed in U.S. Pat. 
Mos. 3,110,696 and 3,660,438, said disclosures being fjily incorporated herein. 

In general, the blends of the present invention are employed in from about 0.01 to about 10 0/0 by weight of 
the stabilized composition, although this will vary with the particular application. An advantageous range is 75 
from about 0.05 to about 2 %, and especially 0.1 to about 1 0/0. The weight ratio of component (a) to 
component (b) or component (c) will generally range from 20:1 to 1;1Q, preferably 9:1 to 1:9, and most 
preferably 2-3:1. 

The stabilizers of the instant invention, either individually or in combination, may readily be incorporated into 
the acetal polymers by conventional techniques, at any convenient stage prior to the manufacture of shaped 20 
articles therefrom. For example, the stabilizers may be mixed with the polymer in dry powder form, or a 
suspension or emulsion of the stabiiizer may be mixed with a solution, suspension, or emulsion of the polymer. 
The resulting stabilized polymer compositions of the invention may optionally also contain various 
conventional additives. Included among these additives are basic co-stabilizers such as calcium citrate, 
melamine, cyanoguanidine, polyamides, alkali and alkaline earth metal salts of high fatty acids, and amines; 25 
phosphites and phosphonites; peroxide-destroying compounds such as esters of thiodipropionic acid" and 
the like. 

The instant invention also relates to a method of stabilizing an acetal homo- or copolymer against thermal or 
oxidative degradation, which comprises incorporating into said acetal components (a) and (b) or (a) and (c) as 
defined above. S£J 

Another embodiment of the instant invention is a method of reducing color formation in acetal homo- or 
copolymers containing a hindered phenol (component (a)), which comprises incorporating into said acetal 
homo- or copolymers component (b) or (c) as defined above. 

The following examples Illustrate the embodiments of this invention. 

ss 

T est compounds 

A - 1 ,6-hexamethylene bis[3',5'-di-tert-buty!-4'-hydroxyhydrocinnamate] 
B - Methylene glycol bis[3-tert-buty!-5-methyl-4-hydroxyphenyl]propionate 

C - tetrakistmethylene 3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionateJmethane 40 

D - N,N'-hexamethylene bis[3,5-di-tert-butyl-4-hydroxyhydrocinnamamide] 

E - octadecyl3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionate 

F - 1,3,5-tris[3',5'-di-tert-butyl-4'-hydroxybenzoyloxyethyl]isocyanurate 

G - 1,1,3-tris[3'-tert-butyi-4'-hydroxy-5'-methylphenyl]butane 

H - 1,1-bis[3'-tert-butyl-4'-hydroxy-5'-methylphenylJbutane ■ 45 

J -N,N'-bis[p-(3,5-di-tert-butyl-4-hydroxyphenyf)propionyl]hydrazine 

K - 2,2'-oxamido-bis[ethyi 3-(3',5'-di-tert-butyl-4'-hydroxyphenyl)propionate] 

Example 1: 

The additives in the indicated concentrations are dry blended into polyoxymethylene resin [trioxane- so 
ethylene oxide copolymer (®CELCON from Celanase) with base stabilization system of 0.2 0/0 bis-stearamtde 
and 0.1 0/0 calcium hydroxystaarate] and extruder compounded (single extrusion) into pellets at 185°C. The 
pellets are stored in a dark area in glass petri dishes at ambient temperatures for the indicated time periods 
and specimen yellowness index (Yl) is determined according to ASTM D 1925. 
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5 



20 



Components 


Cone. (% by wt.) 


Yellowness Index 






Initial 


64 Days 


131 Days 


A 


0.5 


3.6 


10.4 


11 3 


J 


0.5 







2.3 


A/J 


0.25/0.25 




— . — 

1.5 


1.3 


A/J 


0.3/0.2 


15 




1.2 


A/J 


0.35/0.15 


2.3 


20 




A/J 


0.4/0.1 


1.9 


1.5 


1*4 


A/J 


0.45/0.05 


1.4 


1.2 


15 


A/J 


0.475/0.025 


1.2 


1.0 


1.0 


A/J 


0.2/0.3 


1.0 


1.4 


16 


A/J 


0.15/0.35 


2.6 


1.8 


A/J 


0.1/0.4 


2.7 


2.1 


2.0 


A/J 


0.05/0.45 


2.2 


1.7 


1.6 




0.5 


1.7 


1.7 


2.0 


A/K 


0.25/0.25 


1.0 


1.9 


2,1 


A/K 


0.35/0.15 


1.4 


2.8 


3.2 


A/K 


0.45/0.05 


1.7 


3.0 


3.4 


A/K 


0.15/0.35 


1.6 


2.3 


2.6 


A/K 


0.05/0.45 


1.4 


2.0 


2.4 



25 

These data thus Indicate the high resistance to discoloration during dark storage as exhibited by the 
stabilized systems of this Invention, in addition, significant performance improvement is exhibited relative to 
component A, the more highly discoloration antioxidant. 

30 Example II: 

The procedures of Example ! are repeated with the exception of certain of the components of the base 
acetal and the aging conditions. Thus, the formulated systems are subjected to oven aging at SO^C and to 
storage in water at 70° C. 

35 
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COSTA- Oven aaing at Storage In 
BILiZER 0.3 o/o 80°CAYI at 20 Water at 70° C 
Ca STE ABATE . Weeks Yt at 20 Weeks 

33.4 
17.3 

14.7 

13.0 



CITRATE 

0.3 o/o A 
0.3 o/o A + 
0.01 o/o J 
0.3 o/o A -i- 
0.03 O/o J 
0.3 O/o A + 
0.05 o/o J 
COSTA- 
BILIZER 0.3 % 
MELAM1NE 




Example III; 

Example I is repeated utilizing a variety of phenolic antioxidants. 
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Additive Cone (Q/o 



Example IV: 

days aT P 11o'c S repeated W ' th the exception that the resulting samples are subjected to oven aging for five 



Additive Cone. (Q/o by Yi - Oven Aged 
wt.) 

C 0.5 23.3 

C/J 0.475/0.025 17.7 

E ' 0.5 23.2 

E/J 0.475/0.025 13.3 

F 0.5 39.7 

F/J 0.475/0.025 25.9 

J 0.5 28.3 



It is thus seen that the instant combination of antioxidants provides significantly improved stabilization 
effectiveness in acetal polymers. This improvement is particularly evident in a key indicia of stabilization 
namely, resistance to discoloration. 

In summary, this invention provides antioxidant systems for stabilizing acetal polymers against oxidative and 
thermal degradation. Variations may be made in various elements thereof without departing from the scope of 
the invention as defined by the following claims. 



1. An acetal homo- or copolymer which comprises 
[a) a hindered phenol corresponding to the formula I, II, III, IV, V VI or VII 
RiX-(C a H 2a )-Q (|) 
wherein R-t is a group of the formuiala, 



H 7. = /" cc b B 2b5- 



X is oxygen or sulfur, a is an integer from 6 to 30, b is an integer from 0 to 6, R £ and R 3 are independently 
Ci-Ciaalkyi, Cs-Ci a cyctaa!kyl, phenyl or C 7 -C e aralkyi, and R 2 is also hydrogen, Q is hydrogen or 
-A(CyH£ y )-R 4 , A is oxygen, sulfur or - N -, a 



10 
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y is an integer from 2 to 20, 

B is Ci-CUa!kyi or C-t-C4alkanoyi, and FU is hydrogen, hydroxy, Ci-C 4 alkanoyloxy or a group of the 
formula lb, 



j \_<c „ jXt 



.7 



(id 



wherein R^, R3 and b are as defined above, d is an integer from 2 tD 6, and CH is a d-valent aliphatic 
hydrocarbon of 1 to 18 carbon atoms, a d-vatent aromatic or aromatic aliphatic hydrocarbon of 6 to 20 
carbon atoms or a group of the formuia Ila 



wherein f is an integer from 1 to 4; 



wherein R2, R3 and b are as defined above, and Q2 is Ci-Ciaalkylene; 
RiX-j-^C^^-Y-j R 5 (IV) 

wherein R1 and X are as defined above, z is an integer from 2 to 6, e is an integer from 3 to 40, Y is oxygen 
or sulfur, and Rs is hydrogen, Ci-C4alkyl or a group of the formuia ia; 

(H3C) 3 C V y C(CH 3 ) 3 

HO—' 



\ _ / 



HaC^ 
:HCH 3 



i ii 
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wherein R s and R 7 are independently Ci-Ci 8 alkyl, Cs-C^cycioalkyi, phenyl or O-Cgaraikyl, and R 6 is also 
hydrogen, and Ai isagroup )c(a 6 ) Rs wherein R 8 and R 9 are independently Pv&'ogen or Ci-CsaJkyl; 



H 3 C-i-fC H )-l 

I p 2p 



wherein R s is as defined above, p is 1 or 2 and Q 3 is C 2 -Ci 0 a!kyiene; 
and 

(b) a hydrazine compound corresponding to the formula VIM, IX orX 
R12-E-NHNH2 (Vll!), 



(IX), 



wherein R 12 and R 
the formula Villa, 



are independently c , C i5 a!ky!, Ci -Cjaaikyioxy, phenyl, Cr-Coaralkyl or a group of 



(Villa) 



Z is a direct bond, Ci-Ci 3 alkyiene or phenylene, the radicals R 14 are independent!/ Ci-Cieaikyl 
C 5 -Ciacycloalkyl, phenyl or C 7 -C 9 aralkyl, w is 0 or 1, x is an integer from 0 to 4 and n is an integer from 0 to 
6, with the proviso that x is different from zero, when w is 1 ; or 
(c) an oxamido compound of the formuiaXI 



:-0-(C H„ )-&-! 



wherein R15 is Ci-Cisalkyl, phenyl, C 7 -Csaralkyl or a group of the formula Villa and vis an integer from 0 to 
6; the weight ratio of the components (a):(b) or (a):(c) is 20:1 to 1 :10. 

^ 2. The composition of claim 1, wherein said hindered phenol corresponds to the formula I, II, III, IV, V or 

3, The composition of claim 1 , wherein said hindered phenol corresponds to formula I. 

4. The composition of claim 1, wherein said hindered phenol corresponds to formula I and X is oxygen 
b is an integer from 0 to 2, R 2 and R 3 are independently C-.. -Caalkyl, A is oxygen, y is 2 and R 4 is hvdroaen 
or a group of the formula lb. 



6. The composition of claim 1 , wherein said hindered phenol corresponds to formula li. 

7. The composition of claim 1, wherein said hindered ohenol corresponds to formula II and R 2 and R 3 
ire independently d-Caalkyl, b is 2, d is 2 or 4 and Q1 is C 2 -C 10 aikylene or pentaerythrityl. 

8. The composition of claim 1 , wherein said hindered phenoi corresponds to formula III. 
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9. The composition of claim 1, wherein said hindered phenol corresponds to formula 111 and R2 and R3 
are independently d-Csalky!, b is 2 and Q2 is C2-Cealkyfene. 

10. The composition of claim 1 , wherein said hindered phenol corresponds to formula IV. 

1 1 . The composition of claim 1 , wherein said hindered phenol corresponds to formula IV and X and Y are 
oxygen, b is an integer from 0 to 2, R a and R 3 are independently Ci-C s alkyl, 2 is 2, e is an integer from 3 to 
20 and Rs is a group of the formula la. 

12. The composition of claim 1 1 , wherein R 2 and R 3 are tert-butyl positioned ortho to the hydroxyl group. 

13. The composition of claim 1, wherein said hindered phenol is octadecyl 3-(3',5 r -di~tert-buty!-4'-hy- 
droxyphenyl) propionate, 1 ,6-hexam ethylene biap'.S'-di-tert-butyl-^-hydroxyhydrooinnamate], tetrakis- 
[methylene 3-(3',5'-di-tert-butyl-4'-hydroxyphenyl}propionate]methane, 

N.N'-hsxamethylene bis[3,5-di-tert-bu1yl-4-hydroxyhydrocinnamamide] or Methylene glycol 
bis[3-{3\5'-di4ert-buty!-4'-hydroxypheny!)propionatej. 

14. The composition of ciaim 1, wherein in component (b) R12 and Ria are independently Ci-Ciealkyl or 
a group of formula Villa, Z is a direct bond or Ci-Cealkylene and the radicals R-u are independently 
C^Csafkyl, Cs-Cecycioalkyl, phenyl or benzyl. 

15. The composition of claim 14, wherein the OH in the group of the formula Vllia and in the compounds 
of formuia fX) is positioned either in the 2- or 4-position. 

16. The composition of claim 15, wherein the OH in the group of the formula Villa is in the para-position, x 
is 2 and each R 14 is tert-butyl positioned ortho to the OH group. 

17. The composition of claim 1 , wherein said hydrazine is 



Hj 5C1 7~C-NHNH-C-Ci 7 H 3 5 , 

H 3 7 C 1 e -O-C-NHNH-E-O-C 1 s H 3 7 , 



y yhnmn-i-y _ y , 

{H 3 C) 3 C N /(CHsh 

HO— ^ J— CH2CH 2 S-HHKH-?CH 2 CH2— ( OH 

(H3O3C/ X C(CH 3 ) 3 



H 3 G-C-NHNH~C-(CH 2 ) tt -(i-NHNH-C-CH3 



-C-C 8 H i7 ■ 



18. The composition of ciaim 1, wherein said hindered phenol is 1 ,6-hexamethyiene bis[3,5-di-tert-butyl- 
4-hydroxyhydrocinnamate] and said hydrazine compound is N,N'-bis[|3-(3,5-di-tert-butyl-4-hydroxyphe- 
nyijpro pio nyl] hydrazine . 

19. The composition of claim 1 comprising components (a) and (c). 

20. The composition of claim 19, wherein component (c) is 2,2'-oxamido-bis[ethyf 3-(3',5'-di-tert-butyl- 
4'-hydroxyphenyl)prop(onate]. 

21. The composition of claim 1 which additionally contains a basic co-stabilizer selected from the group 
consisting of calcium citrate, melamine, cyanoguanidine, polyamldes, alkali and alkaline earth metal salts 
of fatty acids, amines, phosphites, phosphonites and peroxide-destroying compounds. 

22. A method of stabilizing an acetai homo- or copolymer against thermal or oxidative degradation, 



EP 0 333 660 A2 

which comprises incorporating into said acetal components (a) and (b) or (a) and (c) according to claim 1 
23. A method of reducing color formation in aceta! homo- or copolymers containing component (a) 
according to claim 1 , which comprises incorporating into said acetal homo- or copolymers component fb) 
or (c) as defined in claim 1. 
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